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INTRODUCTION 

The purpose of this manual is to provide a complete descrip- 
tion of the mathematical theory of the Bendix Digital Differ- 
ential Analyzer, Model D 12., together with a detailed account 
of the procedures employed in operating the computer The 
first section deals with the method of integration, and the 
mapping, coding and scaling of problems preparatory to compu- 
tation i: The second section indicates the sequence of oper- 
ations that must be performed in running a problem ? including 
such ancillary procedures as the preparation of tapes and the 
interpretation of the visual display. The two sections 
contain; therefore, all the information that is necessary for 
the personnel who are to operate the computer^ 



THEORY OF OPERATION 
1.1 Integrators 

The Bendix Digital Differential Analyzer is an electronic 
computer that solves ordinary linear or non-linear differ- 
ential equations by numerical integration, This integration 
is accomplished by means of a network of interconnected oper- 
ational entities, called integrators , that sequentially per- 
form simple quadratures in accordance with a fixed program,, 

Each integrator performs a repeated cycle of operations . In 
any cycle, say the i-th, the integrator receives a primary 
incremental input , (AX) if and a secondary incremental input » 
(AY)j_, and emits an incremental output , (AZ) i , (see fig. 1). 



(AZ)i « 



r £ = R + z[r K K-( A 4] 



R REGISTER 



- (**)l 



Yi = Y +h 2 l(AY) 5 



■K 



Y REGISTER 
FIGURE i 

The primary incremental input, (AX)^, notifies the integrator 
of changes in the variable X relative to h^, a predetermined 
positive increment in X. If X increases by h-p (AX) i is 
assigned the value +1; if X decreases by h^, (AX)j_ is 
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assigned the value -1; while, if X undergoes a change whose 
magnitude is less than ly (A X) ± is assigned the value 0. 
The secondary Incremental input, (AY)^ notifies the inte- 
grator of similar changes in the variable Y relative to a 
corresponding predetermined positive increment h £ . The var- 
iation in Y is such that its magnitude never exceeds one? 
Two arithmetic, registers, a Y^ Register and an Register, 
are connected with each integrator. The Y Register ; accumu- 
lates the sum of an initial value, Y„, and a running total, 
of the secondary Inputs multiplied by h 2 , to form the value 

(Eq. 1) ^i s Y o + h 2 s 4 (AY) 3- 



The capacities of the Y and R_ Registers are such that 

-l^Y.^+i; 04R 1 <--1. 
During the i-th cycle, depending upon whether it is positive 
or negative, or zero, the primary incremental input, (4X) ± , 
causes the contents of the * Register to be increased or 
decreased by the current total, Y ± , in the Y Register, or 
to be left unchanged. Consequent^, the value of the contents 
of the R Register will represent a fractional part of an 

♦scaling is required when the magnitude of Y exceeds one 
on?y C uSd rSisi^nlnie'grators (see section 1.5.3). 
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increment of area that corresponds to a rectangle of width 
h x =l and height +1, the full height of the diagram in 
fig. 2a. The program being described is therefore analogous 
to rectangular integration in which the area under a curve is 
approximated by summing the areas of a series of rectangles. 

Since the R Register is not cleared from one cycle to the 

next, it will intermittently overflow. This overflow_is 

If' l 
associated with an incremental change in a variable Z, and 

constitutes the incremental output, (AZ) i . In any cycle, the 
R Register can overflow positively, fail to overflow, or over- 
flow negatively. Thus, during the i-th cycle, depending upon 

- ■ * y -i- 

whether * -S=_ *"*"* 

*i-l +Ti(AX)i>l, 1>R 1 . 1 ♦T 1 (AX) i ^O, or Q4Z^\ ° 

0>R i . 1 +Y i (AX) i , ( £ ~ 

the incremental output, (AZ)^, is assigned the value +1, 0, 
or -1.* The value"remaining in the R Register at the end of 
the cycle, R ± = R ± _ ± + Y i (AX) i - (AZ) if represents a fractional 
part of an increment in Z; i.e., a fractional part of a pre- 
determined positive increment I13 . Accordingly, the output. 



*It is possible to cause an integrator to reverse the sign of 
its output. This is indicated by placing a minus sign in the 
middle of the right-hand side of the integrator schematic 
(see fig. 4)o 




FIGURE 2A 
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FIGURE 2b 
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(AZL, bears the same relation to the variable Z relative to 
h 3 as do the inputs C&X^ and (AY) ± to the variables X and 
Y relative to hj^ and h2- 

The primary incremental input, (AX) 1 , may relate to an incre- 
ment of time or be the incremental output from any specified 
integrator. The secondary incremental input, CAY).^, may be 
the sum of the incremental outputs from a number of arbitrar- 
ily selected integrators. The interconnections of the. several 
integrators depend upon the differential equation being 
solved, and the X, Y, and Z values associated with each inte- 
grator are normally renamed to correspond to variables de- 
fined by the problem. 

1.2 Round-off 

In the Bendix Digital Differential Analyzer the round-off 
correction is analogous to that used in any digital operation. 
At the commencement of the first integration cycle, and be- 
fore the incremental inputs (AX) X and (AY) X have been received, 
the initial value, Rq, of the quantity in the R Register 
is arbitrarily set equal to 0.5- Since 0$ Ri< 1, we have 
0^0.5 f r^<:i, where v± is the fractional remainder of an J 
incremental output left in the R Register at the end of the 
i-th integration cycle. With -0.5^r 1 <0.5. the incremental 
output, (AZ^, is rounded off to the nearest half increment,- 
/l/2\ho. The numerical approximation to the area under the 
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curve shown in fig. 2a is indicated in fig. 3 as a tabulation 
of the numerical results that would be obtained in the first 
13 integration cycles. In this tabulation, each product, 
Y 1 (AX) 1 is added to %_!, yielding R^ and (AZ) ± . In 
fig. 2b, the values, Z±, are plotted against Xj_. 
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FIGURE 3 

1.3 Generation of Functions 

For schematic purposes, it is convenient to replace the finite 
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increments (AX) ± , (^Y) ±J and (AZ)± by the differentials dX, 
dY, and dZ respectively. Accordingly, the representation of 
an integrator shown in fig. 1 may be replaced by the schematic 
shown in fig. 4. 

♦ dz 






A_»Yd% ± 




Hr<*w 



FIGURE 4 

The relation between the inputs and the outputs of this 
integrator is 



(Eq. 2a) 



dZ = YdX. 



If the output of the integrator is made the secondary input 
to another integrator , the Y register of the second inte- 
grator will accumulate the variable Z-. 



ro 
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dZ 



FIGURE 5 
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This will take the form 



(Eq. 2b) 



Z = / YdX + Z . 



The differential equation associated with a particular inter- 
connection of inputs and outputs may be deduced by means of 
equations 2a and 2b. 

To illustrate the manner in which functions may be generated 
on a digital differential analyzer, certain integrator hook- 
ups will now be presented. 



Case I 



(1) 



(2) 




Case II 
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With dX as the primary input and ^ as the integrand, the 
first integrator generates lnX. With d(lnX) as the primary 

input, ^ as the integrand and an output sign reversal, the 

x 1 

second integrator generates d(^) as the secondary input to 

both integrators. 



Case III 



€**&* 



-dx 



de* 






If the output from an integrator is used as its own secondary 
input, an exponential function, e x , is generated in the Y 
register of the same integrator. 
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Case V 



(1) 


Sin X 
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Two Integrators are being used to generate the sine and 
cosine of an arbitrary function, X. The minus sign in the 
first integrator indicates that the sign of the output of 
that integrator is to be reversed. If the sign reversal were 
omitted, the hyperbolic functions, sinh X and cosh X, would 
be generated by means of the same hook-up. 



Case VT 
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The product of two functions may be generated by means of 

(Eq. 3) W = / VdU + J UdV + U V . 

u o v o 

1.4 Trapezoidal Integration 

Up to this point a simple fixed program for performing nu- 
merical integrations has been considered, namely , that in 
which the area under a curve is approximated by summing the 
areas of a series of rectangles. However, in addition to 
this method of integration, the Bendix Digital Differential 
Analyzer employs a fixed program analogous to what is com- 
monly known as trapezoidal integration, in which the area 
under a curve is approximated by summing the areas of a series 
of trapezoids (see fig. 6). Here the fundamental area of 
integration is (Yd).^ (^X) i , where (Yj)) i is an estimate of 
the average value of Y in the interval G&X^. 

Trapezoidal integration effects an important reduction in the 
error of the approximation in rectangular integration. In 
fact, the ratio of the error terms in the two methods is of 
the order of AX and, if A X is relatively coarse, the 
reduction in the error is considerable. 

1.4.1 Interpolative Mode ; In general, some of the succes- 
sive primary incremental inputs that enter an integrator 
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^• 4 ( r *)c = Yl-i + t*z(& Y )l ' Yf-i*!^^., 



FIGURE 6 
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throughout a number of integration cycles will be zero. Con- 
sequently, if an integrator is to perform trapezoidal inte- 
gration, the program of the integrator must take this into 
account. One way in which this is accomplished is as follows; 
A third register connected with the integrator, called a Y D 
register, accumulates the quantity (Y D ) ± « Y n + -^ JE^^g* 

where Y is the value assumed by Y 1 when the last non- 

n i 

zero primary incremental input was received and £_ x (^Y) g is 

the sum of all the secondary incremental inputs entering the 

integrator after Y n is set into the Y D register. When 

a non-zero primary incremental input occurs, the quantity in 

the Y D register, (Y D ) ± ,' is either added to, or subtracted 

from, the contents of the R register, in accordance with 

the sign of the primary input. T hus, the Y value integrated 

is the average value of Y in the region between the non-zero 

primary incremental inputs rather than the Y value at 

either end point. When an integrator is programmed to perform 

trapezoidal integration in this manner it is said to operate 

in the Interpolative Mode. An integrator that operates in the 

Interpolative Mode is indicated by an I written on the 

left-hand side of the integrator Schematic (see fig. 9). 

1.4.2 Extrapolatlve Mode s The Interpolative Mode only gives 
greater accuracy when the seconda^^i^cre^ntaljjip^s to an 
integrator are integrator outputs that have occurred in the 
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same integration cycle 



However, the solution of most problems requires the use 
of integrator hook-ups Jtfiat involve integrators^^hose 
secondary incr emental inputs are 2^?£ r 5^^— -^^^^^ 
h^ve~~o7eurred in _the_ ^^^Jf^^^J!^ ' A " exampl& 
'of this "iTthTgeneration of e X , where the secondary incre- 
mental input to an Integrator in one integrator cycle is the 
output from the same integrator in the preceding integrator 
cycle (see 1.3, Case III). Here, in each cycle, the inte- 
grator must be programmed to use as its secondary incremental 
input an output generated in the precadiogL££cle • In other 
words, the secondary incremental input to the integrator is 
(AY) during the i-th cycle. Therefore, when trapezoidal 
integration is to be performed and the primary incremental 
input is (AX) ± , the Y value to be integrated must be pre- 
dicted by an extrapolation of the (iff) w input. This is 
accomplished by linear extrapolation (see fig. 6). An inte- 
grator programmed to perform such an extrapolation is called 

r \— ■ • . . . 
an Extrapolative Integrator , and is said to operate in the 

Extrapolative Mode. Extrapolative integrators are identified 
by an E written on the left-hand side of the integrator sche- 
matic (see fig. 9a). When an integrator operates in this mode it 
functions in exactly, the same way as an integrator operating in 
the Inte rpolate Mode , except that the quantity accumulated in 
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the Y D register during the i-th cycle is 



i-1 



< Y D>i ■ Vl + i h 2 £ (AY) 



s 



instead of Y n + *h 2 J_ (AY) . 

d n-1 * J 



1.43 Multiplicative Mode ; If rectangular integration is 
used when generating the product of two functions, the hook- 
up shown in 1.3,Case ¥1 produces 



(Eq. 5) 



A(UV) = [v ±-1 + (AV)J (AU) ± 
+ [u ±-1 + (AU)J (AV^ 
= V lml (4% + U i „ 1 (^V) 1 
+ 2(AU) ± (AV) ± , 



and an overlap occurs in which the same area is counted twice 
(see fig. 7). This error is eliminated by programming the 
Multiplicative Mode for the two integrators with an f M' 
written by the left-side of the integrator schematics 
(see fig. 9b) . 



(AU)j (AV) L 

AREA COUNTED TWICE 



'i-l 



W///W//W/////WWW/M 




FIGURE 7 



u 



- 15 



In finite increments, the multiplicative mode gives 

(Eq. 6) A(OT) - (tJ + *AU)4V f (V+ ^AV)AU. 

= UAV + VAV +4UAV 

The Multiplicative Mode requires the successive secondary 
incremental inputs entering the integrator from cycle to 
cycle to be accumulated in the Y Register as before; except 
that, during a cycle in which the primary incremental input 
differs from zero, say during the i-th cycle, the current 
value of the quantity in the Y Register is to be increased 
by ^ CAY).^ before being added to, or subtracted from, the 
contents of the R Register. It should be emphasized that 
the contents of the Y Register at the end of the i-th cycle 
is always Y. = X, n + (AY)^ t but that the quantity added to, 
or subtracted from, the R Register is Yj^ t i (AY)^ when 
(4X) ± f 0. 

1.5 Special Functions of Integrators 

In addition to its use in integration, an integrator may be 
employed to perform certain other operations. Although these 
operations do not involve integration, the term "integrator" 
is retained for the sake of uniformity. 

1.5-1 Servos t A servo is an integrator that is programmed 
to continually make a correction that tends to reduce an error, 



1 
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As a mathematical construct, it receives no primary incre- 
mental inputs and makes no use_of an J^ Register. If there 

IsncTsign reversal in the servo, it- simply receives secondary 
incremental inputs, accumulates them in the Y Register and, 
depending upon whether the current value thus accumulated is 
positive, negative, or zero, yields a positive, a negative, 
or a zero incremental output. The variable of which these 
outputs are increments is determined_by.Jthe^particular inte- 
grator hook-up in which the servo is involved. An Integrator 

S written at the left of the integrator schematic. 

A servo, is used to generate £ as a function of Jm v mm where 
u is d efined implicitly, as a function of v by F(u,v)g 0. 
Pig. 8 shows the general operation of a servo in which 
dF(u,v) must be no n-zero and the output sign of the servo 
must be .. the" opposite, of _ the sign of . **(%'*) . Under these 



conditions, when incremental changes in v cause P(u,v)^ 0, 
the servo will generate incremental changes in u until 
\ F(u,v)= 0. Figure 9a shows a hook-up for the case in whieh 
F(u,v)~ e u -v and fig. 9b shows the case when 

F(u,v) as y(v)cos u - x(v) sin u. 
In this latter case u « tan" 1 (£) and ^ s cH***- ^ 



\ 



dff{u,v) <o if |x/ f |y|>0. 
6 u ! 
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1.5-2 Adders : 



An adder is an integrator whl^h^^ogerate^ 




like a servo excj e^t^^at^ne^^jr^ijbs^ 
negative of its output, An integrator which operates as an 
adder is identified by an A written at the left of the 
integrator schematic. 



Pig. 10a shows an adder used to obtain du = dx 4 dw. As a 
result of the servo-like operation of an adder, the function 
u will be such that x <f w - u ■ 0. 

Pig. 10b shows the connections of a servo to obtain the nega- 
tive of the sum of the variables, x and w. 
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1.5 • 3 Decision Integrators : Decision integrators are used 
to generate a wide variety of discontinuous and non-linear 
functions, such as square waves, saw-tooth waves, etc. Like 
a servo, a decision integrator does not employ an R Register; 
unlike a servo, it often receives primary incremental inputs 
as well as secondary incremental jLnputs . An_J;^eju:atar.^iriisr. r 
grammed as a dejc^oj^jg^^ is identified by an ^.writ- 
ten at the left of the integrator schematic, and by the word 
"Decision" written ac ro s s ^theschematic^. The successive 
secondary incremental inputs to a decision integrator are ac- 
cumulated in its Y register from cycle to cycle. However, 
in any cycle, say the i-th cycle, the incremental output, 



(AZ)j,, is determined by the primary incremental input, (AX)^, 
and_ the quantity currently accumulated in the Y Register, 
Y.^, in accordance with the following scheme: 



(Eqns 8) 



\ 



b) if +;>t 1 > o, (az) ± = Cflxj^> 

c) If Y ± - 0, (AZ) ± = J 

I 
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o. i r : ^ 



(Eqns 8 - cont'd) d) If^OY^-l, fez) ± ■ I ~fc x )i ( - s . 

e) if^-^Y^^ (dZ^ =JQ_^ N 

Pig-ares 11, 12, and 13 show three integrator hook-ups that 
Involve decision integrators. In fig. 11 a decision inte- 
grator is being employed to generate the absolute value of a 
function, u. Since, in any cycle, the same increment is 
used both as a primary and a secondary input, the decision 
integrator, using properties b) and dj of its scheme of 
operation, emits the absolute value of u as its incremental 
output. In fig. 12 two decision integrators are being used 
to generate the saw-tooth functions, w and v, by means 
of the same properties. 

Figure 13 illustrates how a decision integrator may be used 
to simulate a clipped sine wave by means of properties a) 
and b) jDf its scheme, of operation. 

1.6 Output Multipliers 

The relative frequency of non-zero incremental outputs emitted 
by an integrator is called its output rate . The maximum out- 
put rate occurs when an integrator emits a non-zero output 
during every cycle of operation. 

Frequently, the quantity accumulated in a Y Register has a 
known upper bound. If this bound has a value of .5 or less, 
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it is apparent that the output rate of the associated inte- 
grator will not be over 1/2 the maximum rate; i.e., the R 
Register will not overflow more than half the time. Similar- 
ly, if the upper bound has a value of .2 or less, the output 
rate will only be 1/5 the maximum rate, or only one out of 
every 5 cycles of operation will produce a non-zero incre- 
mental output. Consequently, there would be a considerable 
increase in the efficiency with which an integrator performs 
its function if these output rates could be increased. With- 
in the limitations imposed by the scaling of the problem, the 
output rate is increased by restricting the capacity of the 
R Register, thereby increasing the frequency of its overflow. 
In the Bendix Digital Differential Analyzer, the output rate 
of an integrator may be multiplied by 2 or 5, thus respective- 
ly requiring the quantity in the Y Register to be less than 
.5 or .2, and restricting R^ as follows: 

for multiplication by 2; 0$R ± <.5, R Q = .25 
for multiplication by 5; 0^R 1 < .2, R Q = .1 

The use of an output multiplier of 2 or 5 is indicated in the 
integrator block by a 2 or 5 for M following the output 
sign (see fig. 14) . 

1.7 Variation and Restoration of Initial Conditions 

An outstanding feature of the Bendix Digital Differential 
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Analyzer is its ability to ^ya^ automatically theJLnitial 
conditions pf a problem in accordance with results obtained 
during computation. When a problem is coded into the com- 
puter, initial values must be entered in the Y and Yp 
registers of all participating integrators before the com- 
mencement of the first Integration cycle. These values are 
determined from that particular solution of the equations 
being solved which corresponds to a desired starting point 
for computation. 

In each integrator, the associated initial value is not only 
entered in both the Y and Y^ registers, but is also stored in 
an additional register, called an Initial Condition register, 
Yj. The initial condition register may be used either to ac- 
cumulate Jbhe i_iiic.jreji§ntaJL__outputs from any given integrator, 
thereby permitting an initial value to be computed for use- in 
obtaining a succeeding solution, or, if this has not been done, 
to recommence computation by reentering the original initial 
values in the Y and Y D registers. 

The last integrator, number 50, is called the Reset Control 
Integrator, and it differs from the others in its ability to 



*When the computer is operated as a thirty instead of a sixty 
integrator machine, the last Integrator is numbered 29 and 
becomes the reset control integrator. 
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perform an additional operation. This integrator emits a 
signal whenever the value accumulated in its Y regis ter 
a||ajyis_a j^gn^tu^jqi; one . This signal causes the Y and 
Y D registers in a preselected ^group of participating inte- 
grators to be sfitjtt the curren^va^uej^t^ 
spective initial condition registers* Integrators that 
have been selected to be coded for this resetting are identi- 
fied in diagrams by placing an R to the left of the inte- 
grator block (see fig. 16) . The variable or constant written 
at the top of the integrator block indicates the quantity to 
be stored in the initial condition register, while the symbol 
at the upper left-hand corner indicates an incremental input, 
AY T (In fig. 14, indicated by dYj) to the initial cond- 
dition register. 

The manner in which the computer may be used_tp_.solye^jrpJblems_ 
through the „YMiaJ;ipn..of ^n^ial condittons will now be illus- 
trated by means of two examples.* 



dVi 



dX 



_Y A dY 



figure: /4 



♦Whenever the quantity in the initial condition register is 
entered in the Y and Y D registers of an integrator, the 
content of the R register of that integrator is set to R Q . 
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Example I 










(Eq. 11) 


d 2 y/dx 2 = Ax 

y >-b 

y G = ? 

x = 


f 


e y 


+ c 
y f -o 

y f = 

x f = ? 



This problem Involves a split boundary condition. It is 
solved on the computer by finding the value, y Q3 and then 
generating that particular curve y(x), that satisfies both 
sets of conditions (see fig. 15). 




FfGURE 15 



(\M 



Initially, a trial estimate, V©* is made and the corres- 
ponding solution is generated to the point (^-x^, Vf j 1 ^ 2 °) 
Successive initial conditions are then computed that make 
(Eq. 12) n+ly = n yQ - m^y f ) , 
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where m is a damping coefficient that only needs to be 
changed if -^y^. diverges from zero. 

The computation may be made to automatically converge to the 
solution by means of an integrator hook-up such as that 
shown in fig. 16. 

Integrators (l), (2), and (3) are used to generate a var- 
iation in the initial condition that will decrease the next 
pTf |. Integrators (4), (5), (6), (7), and (8) are used to 
generate y(x) for each estimate of y Q . Integrator (59) 
signals the computer to introduce the corresponding initial 
condition each time dy/dx becomes zero. 

With the setting of each initial condition, the value of the 
current estimate of y Q is entered in the Y register of 
the adder integrator (l), where it is augmented by the incre- 
mental changes that occur during the trial solution. Con- 
sequently, as the i-th trial solution is generated, the 
resulting total incremental output from integrator (l) equals 

Example II: 




#-X 



FIGURE 17 
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(Eq. 13) v » y : J^Yco* (xy) dydx 

1/2 1/2 

The evaluation of this simple double integral in eq. 13 

may be accomplished by summing the areas of a number of slabs. 

Sav the n-th slab has a thickness A y and an area on one 

1T/2y„ 
side equal to S* cos (yx)dx. If there are m slabs, 

1/2 

(Eq. 14) y x = 1/2, y 2 ■ 1/2 + 4 y, . . . , y n - 1/2 4 (n-l)4y,... 

.., y m = 1/2 + (m-i)Ay-ir. 

Now, the initial value of cos (xy) for each slab is 
cos (y/2). This function of y is generated by integrators 
(1), (2) and (3) in fig. 18. The incremental change of y 
from y to y is generated by the adder, integrator 
(1). With each signal from the reset control integrator, 
(59) , 1/2 A 7 is entered in the Y register of Integrator 
(1), thereby causing this integrator to emit positive incre- 
ments at the maximum rate until the quantity l/2y has been 
increased by 1/2 A y. When this happens, the value in the 
Y register of integrator (l) is zero. The corresponding 
incremental changes in l/2y, cos y/2, and sin y/2 are 
directed as incremental inputs to the initial condition 
registers of integrators (4), (5), (6), (7), and (59), where 
they are accumulated to form new initial conditions. When 
a signal is received from the reset control integrator (59), 
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these new conditions are entered in the appropriate Y and 
Y D register and the area of the corresponding slab is com- 
puted in a straightforward manner. The sum of all these areas 
is formed in integrator (8). Integrator (59), automatically 
emits a signal whenever cos(xy) -1 equals minus one. This 
corresponds to the limit of integration, x = ^/^n- Inte " 
grator (l) emits the incremental outputs used to advance the 
integration until the quantity, cos(y/2) -1, contained in 
its Y register equals minus one. Consequently, computation 
is effectively halted when y equals IT . 

1.8 Input and Output 

Several forms of input and output are provided with the 
computer. These involve punched tape equipment, an electric 
typewriter and incremental plotters. 

1 . 8 > 1 Typewriter Output ; Any integrator except the last 
one, integrator 59, (or 29), may be programmed for typeout 
control with a 6 written in the output multiplier position. 
A non-zero output of a typeout control integrator signals 
the computer to type out the integrands of all integrators 
(except the last one) programmed for typeout with a T writ- 
ten by the left side of the integrator schematics. Gener- 
ally the integrand of a typeout control integrator will be 
a constant (i) so that the integrator will cause typeouts 
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to occur at intervals of n primary incremental inputs. This 
means that each primary incremental input of plus one will 
c.*uee i to be added into the „R register resulting, after 
n such "inputs, in one output and a type out. The number of 
functions that may be typed out will have an upper limit be- 
fcwean 14 and 28 depending on the precision of the numbers 
being typed. 

When typewriter readout is used during computation, a tape 
may be punched automatically with the same information that is 
typed. If only one integrator is programmed for typeout and the 
information is punched on tape as well as typed, the tape ob- 
tained may be used as a function input. 

1.8.2 Input and Output of Non- incremental Functions : The 
computer is provided with means for filling the computer with 
problems from punched tape. This tape filling mechanism may 
also be used for input functions in one of two ways. 

The first method is used to enter more than one function of 
the same independent variable. The tape contains the destin- 
ation Integrator numbers and the corresponding integrand 
values to be entered at each of the equally spaced values of 
a monotonic variable generated by the computer. The values to 
be entered for each point are filled from the tape into the 
initial condition registers of the destination integrators 
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which are also programmed for automatic resetting. The 
incremental variations in the input control variable are used 
as the secondary input to the last integrator and when its 
integrand attains a magnitude of one, a resetting operation 
occurs.* After each entry, the initial condition registers 
of the destination integrators are filled from the tape 
again with the values corresponding to the next succeeding 
point . 

The second method of integrand input allows only one function 
to be entered but the function controlling the input can be 
any variable generated by the computer. The tape used in this 
case contains only the values for each point of entry and the 
destination is automatically Integrator 2. The last integrator 
controls the entry of the values in essentially the same way 
as the first method. However, when the control variable re- 
verses directions, special means are provided for backing the 
tape to fill the proper entry into the initial condition regis- 
ter of integrator 2. 

The program for using these integrand inputs will depend on 
the nature of the values entered. If the entries are the zero, 
first or second differences of the desired function, they 

♦The R registers are not altered by this operation. 
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could be used as shown in figs. 19a, 19b, or 19c 

1.8.3 Incremental Input and Output : The incremental out- 
puts from twelve integrators are routed to the input con- 
nections of six possible incremental type graph plotters. 
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20 
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22 




23 


5 




24 




25 


6 




57 (or 


27) 


58(or 28) 



For example, the first plotter plots the output of integrator 
against the output of integrator 1 as x versus y. When 
these integrators are used to generate plotter outputs, their 
integrands usually contain scaling constants to obtain the 
desired size of graphs. These scaling constants will be dis- 
cussed in section 1.9.2. 

These incremental outputs may also be used for other purposes 
such as providing incremental inputs to a second computer. 
For this purpose, each computer has provision for accepting 
up to eight incremental inputs from an external source. 
Except for plotter outputs, the use of these incremental 
inputs and outputs can only be discussed in terms of the use 
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that is made of them in a given computer installation. 

A special problem arises whe n the gu tput^of^n^a^^ 
u'sed as aninput to a plotte r. For example, a simple adder 
^tio7l?5T2)7when used to add the outputs of two inte- 
grators, can have two, near simultaneous, non-zero outputs when 
the integrator outputs are non-zero simultaneously or in close 
succession. If the two close non-zero^outputs from the adder 
would be of the same sign only, a small enough scaling constant, 
s£y C 1 in integrator 1, could be chosen to reduce^ the adder 
output rate for use as any input jbo, plotter .number 1. However, 
when the two close non-zero outputs are of opposite sign, 
integrator 1 can also have two, close, non-zero outputs of opposite 
sign. No choice of C 1 can be made to completely eliminate 
this latter form of output to plotter number 1. A special 
filter-adder for adding two integrator outputs is shown in 
fig. 20. 
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Integrators 10, 11 and 12 generate a function, -w*, with no 
close non-zero increments. W is "stable" when |w - w|^one 
increment in W and, when W lags W by more than one 
increment, w* is incrementally corrected at rate proportion- 
al to the lag. Integrators 10, 11 and 12 can be visualized 
as operating in series so that if any one of these integrands 
is zero, W will receive no incremental change. Integrator 
10 blocks W increments when W - W equals one negative incre- 
ment, and integrator 11 blocks W Increments when W - W" 
equals one positive increment. When |w - *\f one increment, 
integrator 12 varies f at a rate proportional to (w-W) . 
Assuming a reasonable continuity in the integrator outputs 
being summed, the "stable region" in the W generation 
eliminates close W increments of opposite sign and the 
proportional operation of integrator 12 eliminates close W" 
increments of the same sign. 

When three to eight integrator outputs are to be summed for 
plotting, the "stable region" must be broadened. Fig. 21 
shows a filter adder for n integrator outputs with the 
"stable region" extended to |w - W\ 4 (n-1) increments in W. 
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Integrator 9 will have a positive output each time (W-W")<. -n 
increments, and integrator 10 will have a positive output 
each time (W-W~)^ n increments. Whenever either integrator 
9 or 10 has an output, it is transmitted by the adder in 
integrator 11 to integrator 12 which varies W" at a rate 
proportional to (W-W*). 

1.8.4 Problem Read-in and Read-out : Problems are usually 
prepared for entry into the computer by using the typewriter 
to operate a tape punch. The form of the copy to be typed 
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while punching this filling tape will be described in section 
1.9.3. The punched tape is fed ^through a tape reader to enter 
the problem into the computer. Problems can also be partly 
or completely entered into the computer from a manual key- 
board . 

The complete state of a problem can be read out of the com- 
puter onto a punched tape. The information on this tape may 
then be refilled into the computer at any later time. The 
facilities for reading out a problem onto punched tape are, 
in general, used for two purposes. First, it may happen that 
after filling a problem from a tape, trial runs indicate 
errors in coding. After these have been righted manually a 
corrected punched tape copy of the initial conditions of the 
problem may be desired. Rather than punch a new tape from 
the typewriter, the computer can automatically copy all the 
information in the computer onto a tape in a form which, 
while not that of the automatic filling procedure, can be 
re-entered into the computer. More important, these facili- 
ties may be used to copy all the information held in the 
computer at some point after the start of computation so as 
to render unnecessary, in the event that computation must be 
Interrupted, the complete rerunning of a problem. 
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1.9 Programming 

The Programming of problems for solution by the computer 
involves three steps: Mapping, Scaling and Coding. The 
variety of problems and methods of solving them is so great 
that only a general approach to programming will be pre- 
sented . 

The steps in programming an example problem are presented 
at the end of the following three sections. The equation of 
this problem is 

(Eqn. 15) x + k (x 2 - 1) x + x = 0. 

Equation 15 represents a voltage loop in an oscillator 
circuit. The resistance term, k(x 2 - l), is negative when 
x 2 < 1 and positive when x 2 >l. While the resistance is 
negative, the energy in the loop is increased and while the 
resistance is positive the energy is decreased. For each 
value of k, equation 15 has a stable oscillatory solution 
such that the energy gains and losses cancel. These stable 
solutions are often represented by plotting x vs. x, as 
shown in fig. 22. 

1.9.1 Mapping : Mapping consists in setting up an inte- 
grator information flow diagram which corresponds to the 
problem to be solved. Several such problem maps have al- 
ready been presented. When the problem is one expressed as 
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a single n-th order differential equation, 

dO d n 
dt dt 






it is best to solve the equation for the highest derivative, 

dn@ s <?(t a de an ~ le 1 

dt" dt dt 



This later equation may then be multiplied through by dt 
giving the equation, 

>n-l« ^ ..n-l, 



dt nT dt dt 11 " 1 



which may then be simply mapped as follows; 

1. Let the integrand of the first integrator be 

d " % and integrate it against t obtaining d( d % ) 
dt n_1 dt n ~^ 



as the output . 

Let the Integrand of the second integrator be 



d n ~ 2 Q 

dt n ~ 2 



/ d n "30^ 
and integrate it against t obtaining d( n ^rt) as 

dt 

the output. 

3. Continue this chain as indicated in fig. 23. 

4. Use the outputs of these integrators along with dt to 

generate d( d '2.) which is required as the secondary 

dt 
input to the first integrator. 
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A simple illustration of this type of map is shown in fig. 24. 

A similar procedure may be used in mapping a problem involving 
a simultaneous set of differential equations, as shown in fig. 
25- 



(Eqn. 17) 



dt3 dt 

*h = W «L + Vt 
dt3 dt 
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It may happen that the described scheme for mapping will 
give rise to an integrand which becomes Infinite at some 
point in the probJLem. For the equation, Y w =/- i Y*-Y, the 
map shown in fig. 26a cannot be used when x is small or 
zero. Pig. 26b shows an alternative map that may be used 
in the region when x is small. Integrator 3 is coded as 
a servo which generates — dY as its output. 

A simple map may often be found for a problem by performing 

a substitution of variables. For example, in the equation, 

fiX = in x, the machine independent variable may be used for 
dx 

d In x as shown in fig . 27 . 
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The thing to appreciate is that the machine independent 
variable is not always used as the independent variable of 
the problem. The machine independent variable may even be 
used as the problem dependent variable as shown in fig. 28. 
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The map shown in fig. 28 can be used with the initial con- 
dition, x - 1, y - 0, even though (^|) o is infinite. 

The maps shown thtys far have had integrator numbers assigned 
as well as the modes of integration (I for interpolative, 
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E for extrapolative, and M multiplicative). The assignment 
of integrator numbers determines the order in which each 
integrator will perform its part of the solution for each 
iteration. Each iteration begins with the operation of 
integrator number followed by the operation of each inte- 
grator in numerical order until the last integrator operates 
which concludes the iteration. The assignment of the modes 
of integration is determined by this order of integration 
and the flow of information indicated by the map. The fol- 
lowing rules may be followed in assigning integrator numbers 
and modes. 

1. The primary input to each integrator should be the 
machine independent variable or the output of a smaller 
numbered integrator. 

2. The secondary input should also be the machine independ- 
ent variable or the output of a smaller numbered inte^- 
grator whenever possible. Integrators programmed in 
this way should be assigned the interpolative mode. 

3. When the secondary input to an integrator is its own 
output or the output of a greater numbered integrator, 
the extrapolative mode should be used. 

4. An integrator with more than one secondary input should 
have all of its secondary inputs come from the sources 
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as described in either rule (2) and be programmed for 
the interpolative mode or rule (3) and be programmed 
for the extrapolative mode. If rule (2) is used, nine 
secondary inputs are allowed, but if rule (3) is used, 
six secondary inputs are allowed. 

5. An adder is allowed eight secondary inputs which should 
be the outputs of smaller numbered integrators. No mode 
is assigned, but an A is placed by the integrator 
schematic . 

6. A servo is allowed nine secondary inputs but has no 
primary input. Mo mode is assigned but an S is placed by 
the integrator schematic. Very often the use of a servo 
will require the violation of some of the preceding rules 
but the amount of violation should be kept to a minimum. 

7. A decision integrator is distinguished from a servo only 
in that it will usually have a primary input and that its 
integrand will vary over a greater range. 

8. When multiplication of two variables is to be programmed 
(see sec. 1.4.3)* the multiplying integrators should 
both receive their inputs from smaller numbered inte- 
grators. The multiplicative mode is indicated by an M 
placed by the integrator schematic. 
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The form of mapping presented becomes cumbersome on larger 
problems, A more compact notation is illustrated below for 
the example in fig. ^^ 



(Eqns. 20) 
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The extension of this notation to indicate servos, adders, 
variable initial conditions, etc. can be made easily. 

The map of the example is shown in fig. 29. 5*e- 
grators 4, 5, 6, 7 and 8 are used to do the basic problem. 
Integrator 9 is used for typeout control for the integrands 
of Integrators 3, 4 and 5. Integrators and 1 are used to 
obtain the curve of x vs. t on plotter number 1. Inte- 
grators 18 and 19 are used to obtain the curve of x vs. x 
on plotter number 2. Integrators 10, 11 and 12 form a 
filter-adder to obtain a plotter input from the outputs of 
integrators 7 and 8. 

1.9.2 Scaling ; The numerical values associated with a 
problem must be scaled so as to produce numbers which the 
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computer will process. The scaling relationships involving 
the computer values (Y, dY, dX and dZ) and the corresponding 
problem values (Y p , dY , dX and dZ ) will be developed in 
this section. 

All of the scale factors can be defined according to the 
following equations: 



(Eqns. 21) 


Y « K y Y p dX ■ K x dX p 




dY = K y dY p dZ « K z dZ p 




(where all K*s are positive) 



As previously defined dX* dX and dZ, when they occur as 
thejoutputs of single integrators, can each have the values 
of +1,_J0 JL or ^ — 1; and Y can have a maximum of i, where 
M is the integrator output multiplier of 1, 2 or 5. The 
incremental scale factors are, therefore, such that if 
K x = 10^, a dX of +1 corresponds to a dX p of 10~3. The 

>-2 



integrand scale factor is such that, if Y p reaches a 



maximum of 1J, during a problem, Ky can be 10"^ and M 
be 5. 

Formally stated, Ky and M must be chosen such that 

(Eqn. 22) 1>M K y |Y p | max. 

By substituting the right-hand terras of equations 21 into 
the equation, dZ = M YdX, the following equation is 
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obtained . 

(Eqn. 23) K z dZ p = H (Ky Y p )(K x dX p ) 

and, in order for dZ p to equal Y p dX p , equation 23 

reduces to 



(Eqn. 24) 



K z * M K y K x 



The integrand register of each integrator has seven decimal 
places to the right of the decimal point and a units digit 
which also indicates the sign of Y as shown in fig. 30. 



positive 
Y values 



r 



negative 
Y values 



f 

1.0000001 
J 1.0000000 
0.9999999 



0.0000001 
0.0000000 
.9999999 



J 9.0000001 
9.0000000 
8.9999999 



FIGURE 30 



= 1 + 10-7 

= 1 

- 1 - io-7 

= +10 ~ 7 

■ 

- -io-7 

* -1 + 10-7 

= -1 



= -1-10 



-7 
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Negative values of Y appear in the Y register as comple- 
ments. The complement of a given value for Y is_obtained 

by subtracting the value from 10. 

For some special integrator functions Y may vary over the 
greater range indicated in fig. 31. 



positive 
Y values 



< 



V. 



C 



negative 
Y values 



< 



V. 



4.9999999 

4 . 0000000 
3 i' ooooooo 
2, . 0000000 
1 .0000000 
0.0 000000 
9 . 
8 . 
7.0000000 
6 .0000000 

5 .0000000 

FIGURE 31 



= 5 - 10 -7 
= 4 

= 3 
= 2 

= 1 
= 
= -1 
= -2 

= -3 
= -4 

= -5 



When the units digit is less than 5, the value of Y is 
positive and, when the units digit is 5 or greater, the value 
of Y is negative. 

In addition to having seven digits to the right of the 
decimal point, the Y register has an extra digit for round- 
off purposes. The round-off digit is never varied by a dY 
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input to the Y register. However, this round-off digit 
will be varied by ±5 In the Y D register when the inter- 
polate mode of integration is used and a dY input is, 
say, +1 (dY D = +.5). This round-off digit is not regarded 
as significant since it is never varied in the Y register 
during computation and is never typed out but it does allow 
constants to be expressed to eight significant digits. 

In general, N significant decimal places of the Y regis- 
ter will be used where 1^N^7 . With KyYp held in an N 
digit register it would take K Y Y p 1 0^ "f^gjgE-^P 
inputs of opposite sign to that of Y p to reduce Yp to 
" zero . The size of these dY p ijaputs^would be K^ . There- 
fore, in order for the dYp inputs to alter Y p properly, 
the following equation must be true. 

(Eqn. 25) (% Y p 10 N ) Ky 1 = Y p 
or 10 N - Ky Ky" 1 
or N = log Ky - log Ky 

and, of course, M must be an integer. 

The necessary scaling relationships for an integrator have 
now been established and are restated below 

(Eqns. 26) l) 1>M Ky |Y p | maxj^ -/ 
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(Eqns. 26 - cont'd) 2) K g - M KyK^. 

3) l£N = log Ky - log K y ^7 
(where M « 1, 2, or 5) 

Regarding equation 26-1, it_can_be seen how H K y Y p is the 
fraction of the non-zero dX inputs which can be transmitted 
as non-zero outputs from an integrator and that jbhis fraction 
is., limited to 1. by the computer ' sjnethod of op eration . It 
can further be seen how (M K Y ) , which is limited by the 
inverse of |Y | max, multiplies the fineness of dX p , namely 
1^, to give the fineness of dZ p , namely K z * 



It will be convenient in many cases to express the„ 




(Eqns. 27) D % = *y 10 3 ? 

2) K y s ky'lO Sy 

3) K x = k x 10 S * 
k) K z = k z 10 Sz 

(where l^k<10 and the S's are restricted 
to integers) . 

Equation 26-3 can be replaced by 

(Eqns. 28) l) k = ky -^ 

*» • »—• 
2) Sy - Sy » N ^ 

If, for example, 1$^%1$) K^^IC^ and Y p « i 004832 ^ 
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the Y register will be as shown in fig. 32. 



DECIMAL POINT 
. OF Y 



DECIMAL POINT 
OF (ZY p ) 



ROUND-OFF 
DIGIT 




d(ZY p ) REPRESENTING 
IO~ 6 UNITS OF (2Y>) 



FIGURE 32 

r-y- 

If, in another case, K y - 10-3, Ky - 10 2 , and Y p * -26*5. 31, 
the Y register will be as shown in fig. 33. 



.5 



N = 2-(-3) 




ROUND-OFF DIGIT 



DECIMAL 

pfl/NT OF Y 



DECIMAL 
POINT OF Yp 



dYp REPRESENTING 
JO -2 UNITS OF Y P 



figure: 33 

Since the decimal point of *yjjjj is moved j*3 decima i 
places to the right to obtain Y and the d(k^ Y p ) incre- 
ments are added into the Y register Sy decimal places 
to the right of the decimal point of kyj^, « can be 
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seen directly that ky must equal k y and Syj- S y = N. 

Y, dY, dX and dZ can be replaced lnjhe integrator ; sche- 
raatic as shown in fig. 34, 



K y dY IP _ 



K Y (Yp).NIT»AL^ K X d Xp 

w- ±m> ^K z dZ p =±(MK Y K x )Y p ciXp 

— ^E <4 KydYp 



figure: 34 

It will be convenient to indicate Ky times the initial 
value of Y in the upper portion of the integrator schematic 
The scale Jactor„of_an i npu t to the initial condj-Uon^regJUr 
ter must be_ejq^alto J^r* 3 show | L , ln flg ' 35* 

Integrators 4, 5, 6, 7 and 8 of the problem to be programmed 
are shown in map form in fig. 35. 

|x| attains a maximum of about 4^ and |x| reaches about 
2.02 for k equal to 2. JTslng these figures, the relation- 
ships for determining the scale factors can be written as 
follows : 

1>M 4 K 4 4 K x = M 4 K 4 K,. 
1£M 5 1^ 2.02 2K 2 - M 5 K 5 K x 



= 1 K^ K 



1 



l^Kg 2 K 3 = 1 Kg 

l>My Ky 3-0804 K 9 = My K ? K 3 
l>Ms Ks 2.02 K 9 - M 8 K 8 K t 



- 59 - 



k 9 = k 4 

k l " k 5 
k 2 = k 7 

k l = k 8 



i^s 9 


- S 4 = N 4 ^7 


i^s 1 


- s 5 = V 7 


i^s 2 


-^ 71 s N 7 ^7 



(M 4 , He, KL and M can each individually be 1, 2, or 5) 



(4) 



(5) 



6) 



(r) 



(a) 



K t dt 
K,dX 



k 4 .x 



K a dX 



K.cfx 



ZK z xdx 



K«-X 



K, cjx 



K,dx 



Kskclx 



K 6 !k 



Kakdx 



r X-K,fr 2 -/)kclx 



K fi X 







K,c(x 



FIGURE 35 



There are a large number of sets of scale factors which will 
satisfy the above relationships. A direct approach to find- 
ing a set consists in trying scale values in the map and 
adjusting the values until a good solution is found. A first 
solution obtained by this approach is shown in fig. 36. 
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w 



& 



oa 



(7) 



m 



0.000 
jo' 1 x 



O.20S05 



/o"x 



0.2 00 5 

/O-'/c 



/Q s r/X 
/Oclx 



/O s c/x 



?-)O z xdK 



IO*dx 



/0 3 dx 



to z kdx 



/0 2 A clx , 



yo*dx £ 



o.oozozpo 
lo~*X 



_ * « 



;o 4 dt 



-/OXdt 



yo'dx 



■*■ 



FIGURE 36 



The step by step assignments of these scale factors were 

as follows: 

.4 



1) 
2) 

3) 



Kj 



M, 



K, 



was assigned the value of 10 . 

was set equal to 1. 

was set equal to 10" 1 making K-j/ equal 1CP- 



and Mh Kh | Xj max about 0.4. 



4) M,- was set equal to 2. 
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5) Kj. was set equal to 10" 1 making M,- K,- /xj max 

about 0.4 and K 2 , the scale factor of (2XdX), 

2 
equal 10 . 

6) Kg was set equal to 10" 1 making Mg Kg k equal 

0.2 and Kg equal 10 2 . 

7) VL. was set equal to 1. 

8) K, was set equal to 10"" 1 making M~ &, JX -l] 

max about 0.3 and Kq equal 10. 

9) Mg was set equal to 1. 

10) Kq was set equal to 10 "^ to make the scale factor 
of the output integrator 8 equal 10. 

This first solution is a correct one hut it is not an efficient 
one since all of the M Ky JY J max values are so much less 
than 1. The first soltwtion was changed to the more efficient 
solution shown in fig. 37. The step by step changes from 
solution number one to solution number two were as follows; 

1) M^ was changed to 2 making K, equal 2*KP 

and M^ K^jxj max about 0.8. 

2) Kj. was changed to 2*10"* 1 to make kj- * k_, in- 

creasing M^ K_ |x| max to about 0.8 and K 2 
to 4-10 2 . 

3) Kg was changed to 5'10~ 1 increasing Mg Kg k to 1 

and K 3 to 10^. 
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4) K, was changed to 4*10 2 io 



make 



*7 



■ k, 



5) Kr was changed to 5 making NU K^JX -l| max 
about 0.6 and making Kq equal 2*10 2 . 



to make the scale of 

2 



6) Kq was changed to 2-1CT' 

the output of integrator eight equal 2*10 
as well as make kg = k, . 

7) K|, was changed to 2-10" 1 to make kj^ = kg. 

8) Mu was changed back to 1 to keep K-^ equal to 

2*103. 

IO A d± 



(4) 



(5) 



C6) 



(7) 



& 



0,0000 




z-io^dx 



2- fo'd X 



Z-ICP d* 



0.404O& 



2- JO'X 



4-)O z (zxd$) 



2-)Q 3 dx 



2- IO Z dX 



I.OOOO 
5> 10* k ' 



10 



*kd: 



/o^kd; 



07T23ZZ 



a±j^!M 



4'IO~ 2 (x 2 -i\ Z 4-)C?dx 7 



0.04040& 
2- JO* X 



/0 4 dt 
~Z')0\dt 



z./o s 4x 



dX^QfjdX-XM 



A 



|X|^2.02 






FI6URE 37 
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The second solution can be adjusted to a third still more 
efficient solution such as indicated below. 

K 1 = 2.47 -10 3 

K 2 = (2.47) 2 '10 2 

K3 = 20(2.4?) _1 10 2 

K^ = 2.47 -10" 1 M 4 " 1 

K^ s 2.47-10- 1 ^ = 2 

Kg = 20(2.47) " 2 10" 1 

K_ = (2.47) 2 10- 2 Mp - 5 

Kg « 2.47-10" 2 Mg = 1 

K 9 = 2.47 -10 2 

However, the second scaling solution was used to fill in the 
scaling terms of the complete map shown in fig. 38. 

Integrator 9 was programmed to cause a typeout at 0.1 unit 
intervals in t. If the desired interval of a variable , u, 
controlling typeout is Au and the seale factor of du is 
Ku, then^Y for the typeout control integrafcfir_lar - 

(Eqn. 29) Y T = (a*) (Ku) ;}> * 

The scaling constants, C x , C 2 , C$ and C^, in integrators 

0, 1, 18 and 19, are such as to make the scale factors on 

2 

all outputs to the plotters 10 . 
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PLOTTER # | 




FIGURE 38 
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Since the plotters operate at 100 increme nts to the inch, 
the curves will be plotted on a scale ofjmeJLnch per :_unit: 
If p Y is the desired number of in?hej^erjanJLtjof_X and 
Kx is the scale factor of & the ^lottap scaling constant 
sfiiould be— 

P. 10 2 y , 
(Eqn. 30) Y S = * ^1. 

The maximum output rate to the plotter should be limited to 

4 when 60 integrator operation is used, .2 when 30 inte- 

•^ - - — - --- « 

grator operation is used. An uppejlJlmlt^ojLj^^OBSE^J^ 
of X can be found by assuming that the integrands of inte- 
grators 4, 6, 7, 8 and 18 are maximum simultaneously. This 
gives — 

£<*<*] + [5 (.123323 [l] H] [5] = -27 
X 8- 7 6 ; 4 18 

Integrators 

This indicates that the plotter output rate of X_ may be 
near, if not greater than, the, limit for thirty integrator 
operation. The other plotter output rates are all within this 
limit since their output scaling constants are less than .2. 
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The scale factor on the output of aj^Mder JLs_t^ same as 
the scale factor on its inputs.. An. adder -will fall to give 
a correct answer when the sum of its inputs exceeds a full 
output rate. For the adder shown in fig. 39 K A must be 
chosen so that 

(Eqn. 3D K A ^ _ft_ 

Idul 
IdTl max 

or the adder cannot "keep up" with its inputs. 



°'° 5 XKa4* du-dX^W 



J2± '-A- — k.dv. 



K A A»/ 



FIGURF 39 



A servo, such as shown in fig. 40, is subject to a similar 
restriction, namely, that — 

( E<l n. 32) Ks6 ||max 

in order for the servo to "keep up" . 



- et~ 



o.oo 



&fr(t>H4^ 



K<clu 



4(*) + E(*) = 



Kfdffr) 



FIGURE 40 



The output of a servo can be assigned any value, Ko ,. which 
satisfies equation 32 and be used to generate dF(u) at the 
same scale factor as that for df(t). 



The use of the servo program indicated in fig. 4l can be 
used without restricting the choice of K g . 



«^L 



0.90 

DECISION 



O. 95 



OECIS/OA/ ^S 



K*dt 



,9^frfe)^(u)]^ ^ 



0.o5 



Kcda 



Mffc)*Ffl4Lf -^ 



«+■ 



«» Kfdm M \H 



^-*S> 



Kf d r(u) 



FIGURE 41 
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Whenever the functions f (t) ♦ P(u) differs from zero by one 
increment, the independent variable of the problem will not 
advance until f (t) + F(u) = 0. This program will slow up 
computation only when K s Ja^ ^ K f 

I.9.3 Coding : The coding for a problem may be put on 
paper tape using the typewriter to control the tape punch. 
To code the example problem in fig. 38, the typewriter should 
be operated so as to obtain a coding sheet such as shown in 
fig. 42. Each line in this coding sheet represents the 
™jin q for one integrator . The coding should be typed as 
follows: 

h * niiiiilll2222222222$33333333344444444445 * 
O^ JgfjL l23»^T99Q^-?^ 6 789Ol234567g 9il2345678901234567890 

VMiZbJL^jM*^ jjjf " ' nt | f~1 TT "III r 






00 
01 

03 
04 

°l 
06 

07 
08 

"to 
11 

12 
18 
19 



ooio- 

0050 

000Q000 

00000 



11111 
11111 

/3.1211 
(31211 



040400 --^^21212 



10000 
012332 
0040400 
00010 
010 
-000 
000 
050 
0050 



11111 

211-5 
211-1 
11116 
911H 
91111 
111-1 
111-1 
111-1 



9p 
o4 

90 
04 
04 
06 
90 
90 

10 
11 
12 
04 



90 

07 
04 

05 
04 

07 
07 
07 



08 



08 
08 
08 



%2 
12 



FIGURE 42 



♦Column number designations 
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1) TJje_ first key prised at the beginning of each line 

is the carriage return key. 
2,3) The number of integrator being coded. 

4) Space 

5) The initial sign of Y(and Y x ) . 
(Space) for positive 

(-) for negative 

6) The initial units digit of(V(and Yj). 

7-14) The lnitial w fractional part of Y(and'Yj) followed 

by spaces for -the unused capacity of the Y registers 

15) Space 

16) Integrator operation command. 

1 for rectangular integration 

2 for interpolative mode 

3 for extrapolative mode 

4 for multiplicative mode 

5 adder 
9 servo 

17) Integrator reset command 

1 for normal 

2 for automatic reset 

18) Integrator typeout command 

1 for normal 

2 for integrators to be typed out 
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19) Integrator output sign reversal. 
1 for normal 
(-) for output sign reversal 

20) Integrator output multiplier 

1 for output multiplier of 1 

2 for output multiplier of 2 
5 for output multiplier of 5 

I 6 for typeout control integrator (7>^ w$kr^*rv ^ x & C,--w-£ J 

21) Space 

* -22,23)* The number of the in tegrator from which the primary 

input is to be received (if spaces are used, dX - fl 
for each iteration). iC- 

24) Space ,/ ~- 

25,26)* The number of the integrator from which the input to ._ 

the initial condition register is to be received (%£ V V JX&x 
spaces are used, dY T » for each iterat ion) . ^f'^/J* 



27, 30, 33, 36, 39, 42, 45, 48) Spaces <V|J 

28,29; 31,32; 3^,35; 37,38; 4o,4l; 43,44; 46,47; 49,50)* The 

numbers of integrators from which eight or less secon- 
dary inputs are to be received (spaces indicating zero 
dY inputs). 



*(When the machine independent variable is to be an input, 
"90" is typed and "91 M is typed when the negative of the 
machine independent variable is to be used. These sources 
may not be coded as inputs to an adder) . 
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Carriage return may be typed in place of any space when no 

^......, — ... -—.....„... ■ 

more further information is to be typed in the line. This 
applies to columns 21, 24, 27, 30, 33, 36, 39, 42, 45 and 
48 in fig. 42. 

Carriage return may be typed at anyjpoint in a line jriiere an [MO- 
e rror w as made , and the complete line typed correctly. The A$JxXk<^ 
last line containing coding for a given integrator will be "^U^^t 
the coding used for that integrator. The integrator numbers ^J£*T^t 
in columns 2 and 3 of fig. 42 need not be in numerical order.- *f * 
A period following the last carriage return indicates the 

5——--'—-""'- 

termination of the problem coding. 

NegaUuuaa v ^2111. t yP ed on the codln S will be filled as '' 
"nines complements" resulting in an "error" of 1 in the (**_,, 
round-off position. For example, if -0 24362 is typed ( 9 j u ^t.^itt' 
for the Y of an integrator, 9 7 5 6 3 7 will be filled V^/^ 
in the Y register. And 9 7 5 6 3 7 corresponds to v/-f^^ 
-024363 in the Y register. This error is trifling ^<l**U-'j 
^but^f^e^actly - 0.24 3 6 2 is desired in the Y regis- AA JhJtt*«#*4 
ter, - 2 4 3 6 T N should be typed in the coding sheet. 
Special integrators often must have exact negative, initial 




conditions. Integrator 11 in the example problem must have 
an initial Y of - 1 X (the round-off digit will have 
no influence on its operation). The coding in fig. 42 shows 
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- typed for the initial value otj^^ for integra- 
t^Xir^ThTs^will^n^e" the liJitial value of Y, 9 9 9, or 
one dY incr^m^nh nggative . f 



With the exception of a few special cases the entire programs 
of problems can be entered from properly prepared punched 
tape . If increment alj£PUts_f rora^purces external to the 
computer are to be addressed to integrators, these inputs 
must be addressed from the manual fill^k eyboard . Alsojthe. 
R registers of some integrators may require manual filling.^ 
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OPERATING PROCEDURES 

2.1 Power On Procedure 

When the computer Is connected to a suitable power source (see 
Maintenance Manual), p ressing th e black button marked ON in _ 
the uppaxt^^t^^n^ort^n of , thg^^c^^Ql^p^ane^ee fig. 43) 

supplies V^^ t ^ ii ^^ m ^^^^^^J^^ l ^SX ^mS AJ^& 
t he red | l Jj J y "hfr i l M £&%h J > c ' After approximately one and one-half 
minutes, dc is automatically turned on together with the red 
light marked DC. 

When dc is turned on, it may happen that the various flip- 
flops controlling the J^ape^j^unchj. both the action and direc- 
tion of the tape reader, the typewriter, and the overflow 
lights, are set to the on posit ion. The gSSET button £^j^gT 

all of thpgg f ^ID-flops and thus may be used not only when 

jbhe computer is -being turned on bu t g± | g gg ^mJ S ^S Sr aS i So Ju a SBb 

ongoing process involv ing t he t ape, units , ^^^ ggj^g^^gg^ 

writer, to set the tape reader to the forward direction, or 



to turn the overflow li ghts off ... 



NOTICE: High voltage is present within the control console, 
therefore extreme care should be observed in removing any of 
the access panels. 
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The path to be followed in threading the new tape is as Jl'j L 
follows: _oyer.„the roller, through the tape guide, through ^j , 
the rear opening in the cover, down the tape_g^ide on the 
punch, through the slot in the punch block, between the tape 
feed roller and its tape feed pre sfure clip, through the 
slot guide in the front of the punch, and through the front 
opening in the cover. 

When a small length of tape protrudes from the slot guide in 
front of the punch, a slight tension may be applied to the end 
of the tape, the PUNCH ON lever switch depressed and the tape 
RUN button pressed for a few seconds to bring the punched 
holes in the tape into registry with the tape feed roller. 

2.3 Reading of Tape 

To set the tape jLnto .tfeeureafler, the TAPE LATCH must first 
be twisted so as to allow the TAPE GATE to swing up. The 
tope is now p laced so that one of the tapes^^j^.holegJLn^ 
the leader port jlon^ Qfte, tape : is ^^SL^SL^LSS^S&JS^SSm. 
teeth and the t ape i s center ed on the gui de ridges. With the 
tape in this position, theJPAPE GATE. is lowered and the TAPE 
LATCH twisted so as to hold the GATE down. The tape drive 



is 
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2.2 Preparation of Problem Tapes 

A tape may now be punched according to the instructions for 
problem coding given in 1.9-3 % The tape equipment is located 
in the lower left-hand drawer and is shown in fig. 44. The 
r ^\ Jh T f tflf QB&SafcUe to ^pr^sing the lever 3wltch marked 

Ue^on^thjJsBSsffiiJ^^ (fig. 45). A blank seotionjofjape 
preceding the actual problem infomationjnust now ba-jWfc- 
duced in order to facilitate handling an d marking of the 
completed ta pe. This "leader " is provided by pressing the 
Tape H21LJ&i££on, located underneath the j t^gewrlter' , Five 
seconds is sufficient to provide a six inch leader. The 
typewriter power switch is now^ turned,. to^ON and .the infer™ 
matlon_for the problem typed. After the last character ' 
ano|h<>p blank .section of tape is produced, the completed 
ta pe is torn off, and the PUNCH ON switch is elevated . 

2.2.1 Replenishing; Tape Supply ; When a new roll of tape 

is to be installed, the old tape cor e and t he hub are removed 

from the _tape container , shown in fig. 44a, and_the remaining. 

tape is__g un o r P ul le( Lg u JL 5 f - the P 1 ** 1 * 1 - The hub is put in 
the new roll of tape and is dropped into position in the tape 
container. In order to thread the tape through the punch, 
the cover on the punch must be removed by loosening the four 
thumb screws on top and lifting it off. 
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ROLLER 



TAPE 

GUIDE 



TAPE CONTAINER 



TAPE FEED 




CLIP 



TAPE GUIDE 

* 



PUNCH 
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FEED ROLLER 
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FIGURE 44 
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I 
-J 

00 

I 



PUNCH ON 




RUN 



FIGURE 45 



IA'"' 



n« ™ *h*> tPP* ifl in positi on l Jjif*_p,niapu1;Rr mugt_be cleared 

of any old Information by depressi ng the black CLEAR button L.^f^^ 

""^^ nnMPT,CTKHi^ f ?? ntftr of the control ganel. The r 

FILL-IDLE-RUN toggleis set to FILL and the READ-IN switch "'^ 
,to P. I tis important to_ seJL, the , 3Q-_6Q. switch appropriately 
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t this point . Finally, the^TBffi swj^dhjra^be^set to the 
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center position. The Fill process may now be 'initiated by 
pressing the green button in the cent er of the READ-IN 
switch . As information is read from the tape it may be typed 
by the typewriter if the typewriter power switch is in the 
ON position; and, in addition, if the PUNCH ON switch is de- 
pressed, a duplicate tape will be produced. ( That_is^_it_J. 
possible to produce a typewritten transcription of the tape ^ 
without reproducing the tape Jgut it Is no t possibl e to re- 
produce the tape without typing the information. 



2.4 Computation Involving Neither Input Nor Output 
Functions ~~ 

When the filling tajpe stops at its period code, the problem _ 

is in the computer, the integrands being held in the Y ± 

registers only. If the punch happens to be on, it shoul d be 







tu rned off unle ss a tape copy of the a^swer^ is desired. The 
READ-OUT switch is next set to N f t he READ-IN to N and the 
TIKE switc h fro frh» flrmrnnr;! ate/position. Finally, to insert 
the integrands into the Y ahd Y D r egister s, t he IN SS RT 
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b utton is press ed. The computer is now ready to compute the 

solution of the problem that has been entered. At_£bi.s_£Oint 

a sheet of paper is inserted into the typewriter in orJ.e£ v $o 

record the answers. The initial condition of the variables / ,Xh^ Q 

to be pr inted will be typed out if the preen button in t he ^ vu*«**** *^ 



CENTER of the READ OUT switc h is prj 

■— ■ | y- id ■■■■ inn 



d. The PILL-IDLE-RUN 



_ switch may now be s et toj^^and computatio^s^arted . The 
*/^' f ^.L * RUN light indicates on-going computation. 

^.W^-5 Use of the Graph Plotter 

The graph plotter unit is shown in fig. 46. -i^^SmSSSS^^ 
being run is . co ftfl Jfr .Jfifi ,ffl7« m »**»*■• the P^jjggjjgj 
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set to ON, lighting the Power Light. By use of the RELEASE X ->u 



and RELEASE Y buttons, the drum and stylus holder, respective- 
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ly, may be made to move freely facilitating both the attach- 
ing of paper to the drum and its rough positioning. The Cross 
Hair cursor in conjunction with the incremental movement 
buttons provide for precise positioning after which the stylus 

itself is inserted. It is lmnn^t g.n ^ i|l| |;,to| i neither the drum 

nor the holder be moved without first pressing the appropr iate 
RELEASE. If the plotter is not being used it should be turned 

Off. 



2.6 Display 

The arrangement of information in the memory is shown in fig. 47* 
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the numbers at the top ^J^g^^JKJBH!^ 6 ^/ The integrator 
from which information is being displayed by the oscilloscope 
^normally controlled by the IOTEGSAXQR JO&Sfigi&s >* tne dlal 
on the left holds the most significant digit, that on the 
right the least significant digit. However, during the 
processing of either PILL information or of monotonic func- 
tions^ the_ information being processed controls the display. 

The portion of the integrator that is displayed is controlled 
by the DISPLAY switch. When in either the I, Y, D, or R 
positions, the portions of the 4, 3, 2, and 1 lines which 
hold Y ± , Y, Y D , and R respectively, are displayed. A 
bright spot represents a binary one in the coded binary 
scheme shown in fig. 47- 

If the switch is in either the Al, AX, Al, or A 2 positions, 
the complete address lines I, X, Y- L and Y g corresponding 
to that integrator are shown. Note that with respect to the 
integrator timing system, this is I ± _2_ if the selected 
integrator is I ± . Control information is placed in times 
37 and 38, addresses in positions 1 through 36. 

Two channels, Z 2 and Z x hold the outputs of the inte- 
grators as indicated in fig. 47. Ajne in any of the address 
positions indicates that the information in the corresponding 
Z line is to be used as an input. Two Y lines are used 
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corresponding to the two Z lines. However, since the dX 
and dYj inputs are limited to at most one each, only one 
X and one I address line is required. The &% and Sj 
digits in position 1 indicate which of the Z lines is to 
be interrogated, a one indicating that the addresses are to 
be considered with respect to Z 2 - 

It should be noted that the arrangement of integrators on 
the Z lines shown in fig. 47 is relative, that is, the number 
of the integrator being filled must be employed in determin- 
ing the position of any integrator output with the exception 
of positions 2 through 6. The latter are identical. in all 
integrators — holding the eight possible incremental inputs 
in positions 2 through 5 and plus and minus time in position 6. 

2.7 Overflow and Proscribed Code Indication 

Two amber llgh jaJLaJfchfcjaBBBL^^ 

control panel in dica te the presence of an overflow, and a 

proscribed code in the computer. The light marked OVERFLOW 

i J^iiUMim^yiii i n <ii i i i i i ii «niirni i rTr*T — *" 

is turned on whenever an integrator attempts to create an 
output of _+2 or -2 while the CODE light is turned on in 
the event that a code which does not represent a decimal 
number appears anywhere in the arithmetic channels. 

In addition, position one of Y 2 is filled in the second 
integrator after the integrator in which the overflow or 



proscribed code occurred. Pressing the RESET button turns 
the lights off, however, the one that has been inserted must 
be removed manually, (see section 2.8) 

2.8 Manual Fill 

Normally, the computer is filled automatically. It may 
happen , however , t hat a mlstake_in^ afllQg, or in the^prejpara- 
tion of a tape necessitates one or several,,, chj^n^^in^the^ 
informat ion held in the computer . To i mplement su ch , cMn&ej ^ 
facilities are pr ovided for the manual determination tj>£_each 
bit of the address and arithmetic information. First the 



DISPLAY and INTEGRATOR switches are set to the proper 
positions, the READ-IN and READ-OUT switches set off G, 
the FILL-IDLE-RUN toggle set to FILL and the MARKER bar to 
the right of the decimal keyboard on the control panel is 
pressed. This inserts a pulse in the T channel at P36 
of the selected integrator if arithmetic information is to 
be changed or of the immediately preceding integrator if an 
address is to be modified. 

In the former case no indication of the positioning of the 
marker is presented, but it is automatically moved to the 
next position on the right each time a decimal key, the 
NULL bar or the — v bar directly above the decimal keyboard 
is pressed. In order to change any number, the — >> bar is 



85 



pressed once for each digit to the left of the position to 
he changed and the new digit entered. For example, If Yj 
is to be changed from 0.769^2 to 0.77942, the bar is 
depressed twice after which a 7 is entered. The NULL bar 
provides for the erasure of digits in that it sets all the 
binar y digits , in. t he w selected _ position to^ zero . 

If an address position is to be changed, the position of 
the marker is indicated by a bright spot (a one) in all 
four address channels and moves only under the control of 
the < and > bars. The marker is positioned to the 
desired pulse time (see section 2.6) by these right and 
left direction Jbars^ and the 1 key pressed if an address 
is to be entered, the bar is an erasure is to be made. 



It may happen that a complete integrator is to be removed 
from the program or that a change is facilitated if part 
of the integrator in question is initially cleared. The 
CLEAR buttons marked VARIABLE and ADDRESS clear the arith- 
metic registers (l x ) and the address channels (Ij^) re- 
spectively, of the integrator selected by the INTEGRATOR 
switch. 

After a change has been made, or at any other time, the 
value of the integrand in the integrator selected by the 
INTEGRATOR switch may be typed out by pressing the green 
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button in the center of the most significant digit part of 
the switch, providii- the PILL-IDLE-COMPUTE toggle is not 
in the FILL position. 



2.9 Use of Non-Incremental Input Functions 
2.9.1 Manual Preparation of Tapes for Monotoni c Functions: 
The following chart shows the information that must be typed 
after the punch has been turned on and a leader produced. 



Period 

CR (carriage return) 

Integ. Number (2 digits) 

Space 

Sign and Value of I^(l) 

CR 

Integ . Number 

Space 

Sign and Value of I 2 (l) 

CR 

Integ. Number 

Space 

Sign and Value of I n (l) 

CR 

Period 






1st point of independent 
variable 



J 
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2nd point of independent 
variable 



etc. 



Cr *\ 

Integ. Number 

Space 

Sign and Value of I^) 

CR 

etc. 

J 

The sign should be typed as a space for positive and M -" 

for negative values of the input functions. The values of 

the input functions may be expressed with up to nine digits, 

the first being the units digit and the last being the 

round-off digit. 

2.9.2 Manual Preparation for Reversible Tapes : The number 
of reversible functions is limited to one. The following 
chart indicates the information put on the tape after the 
leader, , ^ 

CR — ~ 

4 spaces "*"" 
Value of 1(1) — ^ 
CR ~~ 

4 spaces 
Value of 1(2) 
CR 
4 spaces 
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Value of 1(3) 
etc — 

The values may be typed with four to eight digits and must 
be expressed as complements for negative values. 

2.9.3 Auto Preparation of Reversible Tapes ; In some cases 
a function generated during the solution of one problem can 
be employed as an input function to another problem. To 
facilitate this, the computer can punch a tape with the re- 
quired results of the first problem in a proper form for 
use in the second problem. 

To prepare a tape of this type, the usual procedures are 
followed except that the READ-OUT switch is set to R. The 
typewriter must be on and the PUNCH ON switch lowered. A 
leader of tape should be obtained by pressing the TAPE RUN 
button after which a carriage return and a space is typed. 
Computation may then be started by setting the PILL-IDLE- 
RUN toggle to RUN. The one integrator coded for typeout 
will be tabulated and a reversible tape punched automatically. 

It should be noted that a tape may be punched which results 
from computations involving function inputs. This is pos- 
sible since the read-in and read-out operations are inde- 
pendent . 



89 - 



2.9.4 Computation With Input Functions : When input func- 
tions are employed, the procedure described in IV is fol- 
lowed in loading information into the computer except that 
before pressing the INSERT button the function tape is 
entered into the tape reader. (Pressing the RESET button 
assures that the tape drive is in the forward position.) 

2.9.4.1 Monotonic Function Inputs : The tape is entered 
into the reader at the period preceding the input values 
of the first point to be used. The READ-IN switch is set 
to M and the INSERT button pressed. This automatically 
reads the values for the first point into the Y x regis- 
ters of the appropriate integrators. After these values 
have been read from the tape, the INSERT button is pressed 
once more to insert all the initial conditions of Y into 
the Y and Y D registers and to read the values for the 
second point into the appropriate Yj registers. The 
FILL-IDLE-RUN switch may now be set to RUN and the answer 
computed . 

2.9.4.2 Reversible Function Inputs : The tape is set at 
the CR preceding the value of the initial condition ^of the 
integrand of integrator 02. It is now necessary to set 
the DIGITS switch. Access is afforded to this switch by 
removing the back panel of the desk. Fig. 48 shows the 
position of the switch. The number of digits to the right 
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of the decimal point in integrator 02 (ignoring the round- 
off digit) is set into the switch, and the panel replaced . 
The READ-IN switch is then set to R and the INSERT button 
is pressed . After the initial condition of integrator 02 
has been read into Y J} the INSERT button is again pressed 
to insert all the initial conditions of Y into the Y and 
Y D registers and to read the value for the second point 
into the Y ± register of 02. The PILL-IDLE-RUN switch may 
now be set to RUN and the answer computed. If the computed 
independent variable reverses its direction of change, the 
tape feed will be reversed automatically. 

2.10 One Cycle Operation 

In some cases it is desirable to ,^^^it2^^SS^^g^ 

tajcjj^i^pTis&iQaifa 

be accomplished by following an appropriate procedure 
described above with the exception that the last step Is 
changed to setting the PILL-IDLE-RUN switch to IDLE rather 
than RUN. One cycle will now be computed each time the 
bar of the decimal keyboard is depressed. Automatic compu- 
tation may be initiated at any point by switching from IDLE 
to RUN. 

2.11 Problem Read-Out 

For purposes of reading out, the computer is divided into 
two parts, the Arithmetic and Z»line information in one and 
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the Address in another. These may be processed in any 
order and for any number of integrators. First, the DISPLAY 
switch is set to either an address or arithmetic position 
and the INTEGRATOR switch to the lowest numbered integrator 
to be copied. The READ-OUT switch is set to G and the READ- 
IN switch to N. After setting the PILL-IDLE-RUN toggle to 
PILL, the MARKER bar is depressed Inserting a marker to 
signify the starting point of the operation after which the 
INTEGRATOR switch is reset to the last integrator to be 
copied. After turning the punch on, the green button in 
the center of the READ-OUT switch is pressed, starting the 
operation. It should be noted that reading out does not 
disturb any of the Information held in the computer. 

If all sixty integrators are to be copied, approximately 
6.5 minutes are required, a smaller number of integrators 
requiring proportionately less time. After half of the 
channels have been processed, the DISPLAY switch is set to 
the other region and the above procedure repeated. 

2.12 Problem Read-In 

To read the information from the tape described in section 
2.11 into the computer, the DISPLAY switch is set to an 
address or an arithmetic position depending upon the infor- 
mation on the tape. The INTEGRATOR switch is then set to 
the lowest numbered integrator to be filled. It should be 
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noted that this need not be the same integrator which 
initiated the read-out procedure since a relative shift of 
all integrators will not necessarily affect the computation 
process. A shift of this type is not possible, however, if 
integrators with specialized functions, such as integrator 
59 which controls initial condition reset, and integrators 
00 and 01 which feed. a graph plotter, are employed in 
their specialized capacity. After setting the Read-Out 
switch to N, the READ-IN switch to G, and the FILL-IDLE- 
RUN toggle to PILL, the MARKER bar is pressed and the 
INTEGRATOR switch reset to the last integrator to receive 
information. Again the green button in the center of the 
READ -OUT switch is pressed to start the process. 

If, because of the wearing of a tape or for any other 
reason a duplicate copy of a problem tape is needed, it 
may be produced simultaneously with the READ-IN operation. 
The normal READ-IN instructions are followed w£bh the ex- 
ception that the READ -OPT SWITCH IS SET TO G and the tape 
punch is turned on. 

2.13 Power Off Procedure 

The computer is tur ned o ff by pressing the re d button in 
the upper left-hand portion of the control panel marked 
OFF. When pressed, both the AC and DC lights are turned 
off and all voltages are removed J^SB»^^S2SS^ er P r °P er * 
The cooling system fans, however, remain on for approxi- 
mately four minutes . 



